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DOPPLER IMAGE

(57)  Provided is an ultrasound system configured to
detect a flow noise signal at a phantom gate and display
a visual indictor representing the detected flow noise sig-
nal. The ultrasound system transmits ultrasound signals
to anobjectincluding a sample volume andreceives echo
signals from the sample volume and atleast one phantom
gate. The ultrasound system also generates an ultra-

ULTRASOUND SYSTEM AND METHOD OF PROVIDING GUIDE FOR IMPROVED HPRF

sound image based on the received echo signals and
displays the generated ultrasound image. Furthermore,
the ultrasound system detects a flow noise signal at the
at least one phantom gate by using the echo signals and
displays a visual indicator representing the detected flow
noise signal together with the ultrasound image.
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of Korean
Patent Application No. 10-2015-0015580, filed on Janu-
ary 30, 2015, in the Korean Intellectual Property Office,
the disclosure of which is incorporated herein in its en-
tirety by reference.

BACKGROUND
1. Field

[0002] The present disclosure relates to ultrasound
systems and methods of providing a guide for a high
pulse repetition frequency (HPRF) Doppler image, and
more particularly, to an ultrasound system and method
of providing a visual guide for improving quality ofa HPRF
Doppler image.

2. Description of the Related Art

[0003] Ultrasound diagnosis apparatuses transmit ul-
trasound signals generated by transducers of a probe to
an object and receive echo signals reflected from the
object, thereby obtaining at least one image of an internal
part of the object (e.g., soft tissues or blood flow). In par-
ticular, ultrasound diagnosis apparatuses are used for
medical purposes including observation of the interior of
an object, detection of foreign substances, and diagnosis
of damage to the object. Such ultrasound diagnosis ap-
paratuses provide high stability, display images in real
time, and are safe due to the lack of radioactive exposure,
compared to X-ray apparatuses. Therefore, ultrasound
diagnosis apparatuses are widely used together with oth-
er image diagnosis apparatuses including a computed
tomography (CT) apparatus, a magnetic resonance im-
aging (MRI) apparatus, and the like.

[0004] In addition, an ultrasound system provides a
Doppler image by using a pulse repetition frequency
(PRF) that is higher than a generally available PRF in
order to detect blood flow having a velocity higher than
a maximum detectable flow velocity from a deep part
having a specific depth. The Doppler image is called a
HPRF Dopplerimage. Since a HPRF Dopplerimage may
contain a noise signal due to inherent characteristics, it
is necessary to develop a method of improving quality of
the HPRF Doppler image.

SUMMARY

[0005] Provided are ultrasound systems and methods
of providing a visual guide for improving quality of a high
pulse repetition frequency (HPRF) Doppler image.

[0006] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent
from the description, or may be learned by practice of
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the presented exemplary embodiments.

[0007] Accordingtoan aspectofan exemplary embod-
iment, an ultrasound system includes: An ultrasound sys-
tem comprising: an ultrasound transceiver configured to
transmit ultrasound signals to an object including a sam-
ple volume and receive echo signals from the sample
volume and at least one phantom gate; a processor con-
figured to generate an ultrasound image based on the
received echo signals; and a display configured to display
the generated ultrasound image, wherein the processor
detects a flow noise signal at the at least one phantom
gate by using the echo signals and controls the display
to display a visual indicator representing the detected
flow noise signal.

[0008] The processor controls the ultrasound trans-
ceiver to repeat, by a predetermined ensemble number,
an operation of transmitting the ultrasound signals along
apulsed Doppler line passing through the sample volume
and receiving the echo signals from the sample volume
and the at least one phantom gate, and wherein the pre-
determined ensemble number of the received echo sig-
nals comprise echo signals reflected from a plurality of
positions included in the pulsed Doppler line.

[0009] The processor analyzes ultrasound data corre-
sponding to a position of the at least one phantom gate
from among ultrasound data generated based on the re-
ceived echo signals reflected from the plurality of posi-
tions and detects the flow noise signal based on a result
of the analyzing.

[0010] The ultrasound transceiver transmits the ultra-
sound signals by using an aperture in a maximum aper-
ture and receives some of the echo signals by using an-
other aperture that is different from the aperture in the
maximum aperture, and wherein the processor detects
the flow noise signal at the phantom gate based on the
some echo signals received using the other aperture.
[0011] The processor controls, based on a point where
the aperture is located relative to the maximum aperture,
the other aperture to be located at a point not overlapping
the point where the aperture is located.

[0012] To detect the flow noise signal, the processor
uses at least one algorithm from among Autocorrelation,
Cross-correlation, Fast Fourier Transform, and Phase
Locked Loop to analyze the echo signals.

[0013] The processor controls the display to display
the visual indicator only when a magnitude of the detect-
ed flow noise signal is greater than or equal to a prede-
termined threshold value.

[0014] The visual indicator comprises a message indi-
cating that the flow noise signal has been detected at the
at least one phantom gate.

[0015] The processor controls the visual indicator to
be displayed at a position of a phantom gate where the
flow noise signal has been detected in such a manner
that the position of the phantom gate is distinguished
from neighboring regions.

[0016] The ultrasound system further includes a user
interface including a plurality of control items, wherein
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the processor controls the user interface to display the
visual indicator at a position corresponding to at least
one control item related to control of the detected flow
noise signal from among the plurality of control items.
[0017] The display is a touch screen comprising the
user interface.

[0018] The ultrasound system further includes a user
interface, wherein, to avoid the detected flow noise sig-
nal, the processor changes, based on a user input via
the user interface, a pulse repetition frequency (PRF) of
the transmitted ultrasound signals or changes an aper-
ture being used to transmit the ultrasound signals.
[0019] To avoid the detected flow noise signal, the
processor automatically changes a PRF of the transmit-
ted ultrasound signals or automatically changes an ap-
erture being used to transmit the ultrasound signals.
[0020] According to an aspect of another exemplary
embodiment, a method of displaying an ultrasound im-
age, the method includes transmitting ultrasound signals
to an object including a sample volume and receiving
echo signals from the sample volume and at least one
phantom gate; generating the ultrasound image based
on the received echo signals; and detecting a flow noise
signal at the at least one phantom gate by using the echo
signals; and displaying a visual indicator representing
the detected flow noise signal together with the generat-
ed ultrasound image.

[0021] The transmitting of the ultrasound signals and
the receiving of the echo signals comprises repeating,
by a predetermined ensemble number , an operation of
transmitting the ultrasound signals along a pulsed Dop-
pler line passing through the sample volume and receiv-
ing the echo signals from the sample volume and the at
least one phantom gate, and wherein the predetermined
ensemble number of the received echo signals comprise
echo signals reflected from a plurality of positions includ-
ed in the pulsed Doppler line.

[0022] Thedetecting ofthe flow noise signal comprises
analyzing ultrasound data corresponding to a position of
the at least one phantom gate from among ultrasound
data generated based on the received echo signals re-
flected from the plurality of positions and detecting the
flow noise signal based on a result of the analyzing.
[0023] The ultrasound signals are transmitted by using
an aperture in a maximum aperture, and some of the
echo signals are received by using another aperture that
is different from the aperture in the maximum aperture,
and wherein the flow noise signal is detected at the phan-
tom gate based on the some echo signals received using
the other aperture.

[0024] A point where the other aperture is located is
determined based on a point where the aperture is locat-
ed relative to the maximum aperture.

[0025] The flow noise signal is detected by analyzing
the echo signals by using at least one algorithm from
among Auto-correlation, Cross-correlation, Fast Fourier
Transform, and Phase Locked Loop.

[0026] The visual indicator is displayed only when a
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magnitude of the detected flow noise signal is greater
than or equal to a predetermined threshold value.
[0027] The visual indicator comprises a message indi-
cating that the flow noise signal has been detected at the
at least one phantom gate.

[0028] The visual indicator is displayed at a position of
a phantom gate where the flow noise signal has been
detected so that the position of the phantom gate is dis-
tinguished from neighboring regions.

[0029] The visual indicator is displayed at a position
corresponding to at least one control item related to con-
trol of the detected flow noise signal in a user interface
comprising a plurality of control items.

[0030] The method may further include, to avoid the
detected flow noise signal, changing a pulse repetition
frequency (PRF) of the transmitted ultrasound signals or
an aperture being used to transmit the ultrasound signals
based on a user input via a user interface.

[0031] The method may further include, to avoid the
detected flow noise signal, automatically changinga PRF
of the transmitted ultrasound signals or automatically
changing an aperture being used to transmit the ultra-
sound signals.

[0032] A non-transitory computer-readable recording
medium having recorded thereon a program for execut-
ing the method.

[0033] According to an aspect of another exemplary
embodiment, an ultrasound system includes an ultra-
sound transceiver configured to transmit ultrasound sig-
nals to an object including a sample volume and receive
echo signals from the sample volume and at least one
phantom gate; a processor configured to generate an
ultrasound image based on the received echo signals;
and a display configured to display the generated ultra-
sound image, wherein, when a flow noise signal is de-
tected at the atleast one phantom gate by using the echo
signals, the processor automatically changes a param-
eter related to transmission of the ultrasound signals so
that a phantom gate is generated at a position other than
a position of the at least one phantom gate.

[0034] The parameter comprises at least one of infor-
mation about a pulse repetition frequency (PRF) at which
the ultrasound signals are transmitted and information
about a position of an aperture being used to transmit
the ultrasound signals, and wherein, in order to avoid the
flow noise signal, the processor performs at least one of
an operation of automatically changing the PRF and an
operation of automatically controlling the ultrasound
transceiver to transmit the ultrasound signals by using
another aperture located at a position different from the
position of the aperture.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Embodiments of the inventive concept now will
be described more fully hereinafter with reference to the
accompanying drawings, in which reference numerals
denote structural elements:
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FIG. 1 is a block diagram showing a configuration of
an ultrasound diagnosis apparatus according to an
exemplary embodiment.

FIG. 2 is a block diagram showing a configuration of
a wireless probe according to an exemplary embod-
iment.

FIG. 3 is a schematic diagram of a configuration of
an ultrasound system according to an exemplary em-
bodiment;

FIGS. 4A and 4B schematically illustrate ultrasound
images generated by an ultrasound system accord-
ing to an exemplary embodiment;

FIG. 5 is a diagram related to an ultrasound system
for acquiring a Dopplerimage by transmitting a pulse
wave having a high pulse repetition frequency
(HPRF) that is higher than a general PRF, according
to an exemplary embodiment;

FIG. 6 illustrates an ultrasound image including a
HPRF Doppler image generated based on a HPRF
ultrasound signal and a visual guide for improving
quality of the HPRF Doppler image, according to an
exemplary embodiment;

FIGS. 7A through 7C illustrate visual indicators dis-
played when a flow noise signal is detected at a
phantom gate, according to exemplary embodi-
ments;

FIG. 8 is aflowchart of a method of providing a guide
for a HPRF Doppler image, according to an exem-
plary embodiment; and

FIG. 9is aflowchart of a method of providing a guide
for a HPRF Doppler image according to another ex-
emplary embodiment.

DETAILED DESCRIPTION

[0036] The terms used in this specification are those
general terms currently widely used in the art in consid-
eration of functions regarding the inventive concept, but
the terms may vary according to the intention of those of
ordinary skill in the art, precedents, or new technology in
the art. Also, some terms may be arbitrarily selected by
the applicant, and in this case, the meaning of the se-
lected terms will be described in detail in the detailed
description of the present specification. Thus, the terms
used herein have to be defined based on the meaning
of the terms together with the description throughout the
specification.

[0037] Throughout the specification, it will also be un-
derstood that when a component "includes" an element,
unless there is another opposite description thereto, it
should be understood that the component does not ex-
clude another element and may further include another
element. In addition, terms such as "... unit", "... module",
or the like refer to units that perform at least one function
or operation, and the units may be implemented as hard-
ware or software or as a combination of hardware and
software. Expressions such as "at least one of," when
preceding a list of elements, modify the entire list of ele-
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ments and do not modify the individual elements of the
list.

[0038] Throughout the specification, an "ultrasound
image" refers to an image of an object, which is obtained
using ultrasound waves. Furthermore, an "object" may
be a human, an animal, or a part of a human or animal.
For example, the object may be an organ (e.g., the liver,
the heart, the womb, the brain, a breast, or the abdomen),
a blood vessel, or a combination thereof. Also, the object
may be a phantom. The phantom means a material hav-
ing a density, an effective atomic number, and a volume
that are approximately the same as those of an organism.
For example, the phantom may be a spherical phantom
having properties similar to a human body.

[0039] Throughout the specification, a "user" may be,
but is not limited to, a medical expert, for example, a
medical doctor, a nurse, a medical laboratory technolo-
gist, or a medical imaging expert, or a technician who
repairs medical apparatuses.

[0040] Hereinafter, exemplary embodiments will be
described in detail with reference to the accompanying
drawings.

[0041] FIG. 1 is a block diagram showing a configura-
tion of an ultrasound diagnosis apparatus 1000 according
to an embodiment. Referring to FIG. 1, the ultrasound
diagnosis apparatus 1000 may include a probe 20, an
ultrasound transceiver 1100, an image processor 1200,
a communication module 1300, a display 1400, a mem-
ory 1500, an input device 1600, and a controller 1700,
which may be connected to one another via buses 1800.
[0042] The ultrasound diagnosis apparatus 1000 may
be a cart type apparatus or a portable type apparatus.
Examples of portable ultrasound diagnosis apparatuses
may include, but are not limited to, a picture archiving
and communication system (PACS) viewer, a smart-
phone, a laptop computer, a personal digital assistant
(PDA), and a tablet PC.

[0043] The probe 20 transmits ultrasound waves to an
object 10 in response to a driving signal applied by the
ultrasound transceiver 1100 and receives echo signals
reflected by the object 10. The probe 20 includes a plu-
rality of transducers, and the plurality of transducers os-
cillate inresponse to electric signals and generate acous-
tic energy, that is, ultrasound waves. Furthermore, the
probe 20 may be connected to the main body of the ul-
trasound diagnosis apparatus 1000 by wire or wirelessly,
and according to embodiments, the ultrasound diagnosis
apparatus 1000 may include a plurality of probes 20.
[0044] A transmitter 1110 supplies a driving signal to
the probe 20. The transmitter 110 includes a pulse gen-
erator 1112, a transmission delaying unit 1114, and a
pulser 1116. The pulse generator 1112 generates pulses
for forming transmission ultrasound waves based on a
predetermined pulse repetition frequency (PRF), and the
transmission delaying unit 1114 delays the pulses by de-
lay times necessary for determining transmission direc-
tionality. The pulses which have been delayed corre-
spond to a plurality of piezoelectric vibrators included in
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the probe 20, respectively. The pulser 1116 applies a
driving signal (or a driving pulse) to the probe 20 based
on timing corresponding to each of the pulses which have
been delayed.

[0045] A receiver 1120 generates ultrasound data by
processing echo signals received from the probe 20. The
receiver 120 may include an amplifier 1122, an analog-
to-digital converter (ADC) 1124, a reception delaying unit
1126, and a summing unit 1128. The amplifier 1122 am-
plifies echo signals in each channel, and the ADC 1124
performs analog-to-digital conversion with respect to the
amplified echo signals. The reception delaying unit 1126
delays digital echo signals output by the ADC 1124 by
delay times necessary for determining reception direc-
tionality, and the summing unit 1128 generates ultra-
sound data by summing the echo signals processed by
the reception delaying unit 1126. In some embodiments,
the receiver 1120 may not include the amplifier 1122. In
other words, if the sensitivity of the probe 20 or the ca-
pability of the ADC 1124 to process bits is enhanced, the
amplifier 1122 may be omitted.

[0046] The image processor 1200 generates an ultra-
sound image by scan-converting ultrasound data gener-
ated by the ultrasound transceiver 1100. The ultrasound
image may be not only a grayscale ultrasound image
obtained by scanning an objectin an amplitude (A) mode,
a brightness (B) mode, and a motion (M) mode, but also
a Doppler image showing a movement of an object via
a Doppler effect. The Dopplerimage may be a blood flow
Doppler image showing flow of blood (also referred to as
a color Doppler image), a tissue Doppler image showing
a movement of tissue, or a spectral Doppler image show-
ing a moving speed of an object as a waveform.

[0047] A B mode processor 1212 extracts B mode
components from ultrasound data and processes the B
mode components. An image generator 1220 may gen-
erate an ultrasound image indicating signal intensities as
brightness based on the extracted B mode components
1212.

[0048] Similarly, a Doppler processor 1214 may ex-
tract Doppler components from ultrasound data, and the
image generator 1220 may generate a Doppler image
indicating a movement of an object as colors or wave-
forms based on the extracted Doppler components.
[0049] According to an embodiment, the image gener-
ator 1220 may generate a three-dimensional (3D) ultra-
sound image via volume-rendering with respect to vol-
ume data and may also generate an elasticity image by
imaging deformation of the object 10 due to pressure.
Furthermore, the image generator 1220 may display var-
ious pieces of additional information in an ultrasound im-
age by using text and graphics. In addition, the generated
ultrasound image may be stored in the memory 1500.
[0050] A display 1400 displays the generated ultra-
sound image. The display 1400 may display not only an
ultrasound image, but also various pieces of information
processed by the ultrasound diagnosis apparatus 1000
on a screen image via a graphical user interface (GUI).
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In addition, the ultrasound diagnosis apparatus 1000 may
include two or more displays 1400 according to embod-
iments.

[0051] The communication module 1300 is connected
to a network 30 by wire or wirelessly to communicate with
an external device or a server. The communication mod-
ule 1300 may exchange data with a hospital server or
another medical apparatus in a hospital, which is con-
nected thereto via a PACS. Furthermore, the communi-
cation module 1300 may perform data communication
according to the digital imaging and communications in
medicine (DICOM) standard.

[0052] The communication module 1300 may transmit
or receive data related to diagnosis of an object, e.g., an
ultrasound image, ultrasound data, and Doppler data of
the object, via the network 30 and may also transmit or
receive medical images captured by another medical ap-
paratus, e.g., a computed tomography (CT) apparatus,
a magnetic resonance imaging (MRI) apparatus, or an
X-ray apparatus. Furthermore, the communication mod-
ule 1300 may receive information about a diagnosis his-
tory or medical treatment schedule of a patient from a
server and utilizes the received information to diagnose
the patient. Furthermore, the communication module
1300 may perform data communication not only with a
server or a medical apparatus in a hospital, but also with
a portable terminal of a medical doctor or patient.
[0053] The communication module 1300 is connected
to the network 30 by wire or wirelessly to exchange data
with a server 32, a medical apparatus 34, or a portable
terminal 36. The communication module 1300 may in-
clude one or more components for communication with
external devices. For example, the communication mod-
ule 1300 may include alocal area communication module
1310, a wired communication module 1320, and a mobile
communication module 1330.

[0054] The local area communication module 1310 re-
fers to a module for local area communication within a
predetermined distance. Examples of local area commu-
nication techniques according to an embodiment may
include, but are not limited to, wireless LAN, Wi-Fi, Blue-
tooth, ZigBee, Wi-Fi Direct (WFD), ultra wideband
(UWB), infrared data association (IrDA), Bluetooth low
energy (BLE), and near field communication (NFC).
[0055] The wired communication module 1320 refers
to a module for communication using electric signals or
optical signals. Examples of wired communication tech-
niques according to an embodiment may include com-
munication via a twisted pair cable, a coaxial cable, an
optical fiber cable, and an Ethernet cable.

[0056] The mobile communication module 1330 trans-
mits or receives wireless signals to or from at least one
selected from a base station, an external terminal, and
a server on a mobile communication network. The wire-
less signals may be voice call signals, video call signals,
or various types of data for transmission and reception
of text/multimedia messages.

[0057] The memory 1500 stores various data proc-
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essed by the ultrasound diagnosis apparatus 1000. For
example, the memory 1500 may store medical data re-
lated to diagnosis of an object, such as ultrasound data
and an ultrasound image that are input or output, and
may also store algorithms or programs which are to be
executed in the ultrasound diagnosis apparatus 1000.
[0058] The memory 1500 may be any of various stor-
age media, e.g., a flash memory, a hard disk drive, EEP-
ROM, etc. Furthermore, the ultrasound diagnosis appa-
ratus 1000 may utilize web storage or a cloud server that
performs the storage function of the memory 1500 online.
[0059] The input device 1600 refers to a means via
which a user inputs data for controlling the ultrasound
diagnosis apparatus 1000. The input device 1600 may
include hardware components, such as a keypad, a
mouse, a touch pad, a touch screen, and a jog switch.
However, embodiments are not limited thereto, and the
inputdevice 1600 may furtherinclude any of various other
input units including an electrocardiogram (ECG) meas-
uring module, a respiration measuring module, a voice
recognition sensor, a gesture recognition sensor, a fin-
gerprint recognition sensor, an iris recognition sensor, a
depth sensor, a distance sensor, etc.

[0060] The controller 1700 may control all operations
of the ultrasound diagnosis apparatus 1000. In other
words, the controller 1700 may control operations among
the probe 20, the ultrasound transceiver 1100, the image
processor 1200, the communication module 1300, the
display 1400, the memory 1500, and the input device
1600 shown in FIG. 1.

[0061] All or some of the probe 20, the ultrasound
transceiver 1100, the image processor 1200, the com-
munication module 1300, the display 1400, the memory
1500, the input device 1600, and the controller 1700 may
be implemented as software modules. Also, at least one
of the ultrasound transmission/reception unit 1100, the
image processor 1200, and the communication module
1300 may be included in the control unit 1600; however,
the inventive concept is not limited thereto.

[0062] FIG. 2 is a block diagram showing a configura-
tion of a wireless probe 2000 according to an embodi-
ment. As described above with reference to FIG. 1, the
wireless probe 2000 may include a plurality of transduc-
ers, and, according to embodiments, may include some
or all of the components of the ultrasound transceiver
1100 shown in FIG. 1.

[0063] The wireless probe 2000 according to the em-
bodiment shown in FIG. 2 includes a transmitter 2100, a
transducer 2200, and areceiver 2300. Since descriptions
thereof are given above with reference to FIG. 1, detailed
descriptions thereof will be omitted here. In addition, ac-
cording to embodiments, the wireless probe 2000 may
selectively include a reception delaying unit 2330 and a
summing unit 2340.

[0064] The wireless probe 2000 may transmit ultra-
sound signals to the object 10, receive echo signals from
the object 10, generate ultrasound data, and wirelessly
transmit the ultrasound data to the ultrasound diagnosis
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apparatus 1000 shown in FIG. 1.

[0065] FIG. 3isaschematic diagram of a configuration
of an ultrasound system 300 according to an exemplary
embodiment. The ultrasound system 300 according to
the present exemplary embodiment may be included in
the ultrasound diagnosis apparatus 1000 and a method
of displaying an ultrasound image via the ultrasound sys-
tem 300 may be performed by the ultrasound diagnosis
apparatus 1000 of FIG. 1.

[0066] Accordingto an exemplary embodiment, the ul-
trasound system 300 includes a processor 310, an ultra-
soundtransceiver 320, and adisplay 330. The ultrasound
system 300 may perform all or some of the functions of
the ultrasound diagnosis apparatus 1000. For example,
the ultrasound transceiver 320 and the display 330 of the
ultrasound system 300 may respectively correspond to
the ultrasound transceiver 1100 and the display 1400
described with reference to FIG. 1. The processor 310
may include some of the components and functions of
the image processor 1200 and the controller 1700 de-
scribed with reference to FIG. 1. According to an exem-
plary embodiment, the processor 310 may be separated
into a plurality of processors to perform the functions of
the image processor 1200 and the controller 1700, or a
single processor may perform all of the functions of the
image processor 1200 and the controller 1700.

[0067] The ultrasound transceiver 320 transmits ultra-
sound signals to an object including a sample volume
and receives echo signals reflected by the object. In this
case, the ultrasound transceiver 320 may transmit an
ultrasound signal as a pulse wave intersecting the sam-
ple volume along a pulsed Doppler line and receive an
echo signal reflected from the sample volume or at least
one phantom gate. A phantom gate may also be referred
to as a virtual sample volume. Furthermore, the ultra-
sound transceiver 320 may receive echo signals not only
from the sample volume or the at least one phantom gate
but also from each of points (positions) in the pulsed Dop-
pler line, other than the sample volume or the at least
one phantom gate.

[0068] The processor 310 may generate an ultrasound
image based on received echo signals. Furthermore, the
processor 310 may detect a flow noise signal at at least
one phantom gate by using the received echo signals
and control the display 330 to display a visual indicator
representing the detected flow noise signal.

[0069] In a method of detecting a flow noise signal at
aphantom gate, according to an exemplary embodiment,
referring to FIG. 4A, an ultrasound image 410 shows a
cross-section of an objectincluding a moving object such
as a blood vessel 416. In order to measure blood flow
velocity at the sample volume 414 located in the blood
vessel 416, the ultrasound transceiver 320 transmits an
ultrasound pulse wave along a pulsed Doppler line 418
passing through a position of the sample volume 414. In
this case, the ultrasound pulse wave may be transmitted
at a PRF. An ultrasound probe including a plurality of
transducers 412 is located over the cross-section of the
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object depicted in the ultrasound image 410.

[0070] In addition, to detect a flow noise signal at a
phantom gate, the processor 310 may control the ultra-
sound transceiver 320 to repeat an operation of trans-
mitting an ultrasound signal along the pulsed Doppler
line 418 passing through the sample volume 414 and
receiving an echo signal from the sample volume 414 by
a predetermined ensemble number. An ensemble
number may also be referred to as an ensemble length
or ensemble size. In this case, the ultrasound signal that
is repeatedly transmitted by the predetermined ensemble
number may be the same as or different from an ultra-
sound signal that is transmitted at a PRF to measure
blood flow velocity at the sample volume 414. According
to an exemplary embodiment, the ultrasound transceiver
320 may alternately perform an operation of transmitting
and receiving ultrasound signals at a PRF to measure
blood flow velocity at the sample volume 414 and an op-
eration of transmitting and receiving ultrasound signals
by an ensemble number to measure Doppler information
at points other than the sample volume 414 on the pulsed
Doppler line 418.

[0071] The processor 310 may acquire Doppler infor-
mation at a plurality of points (or positions) or at all re-
spective points (or positions) included in the pulsed Dop-
pler line 418 based on a predetermined ensemble
number of received echo signals. In general, a pulsed
wave (PW) Doppler system performs a range gate oper-
ation, i.e., a sample & hold operation on an output of an
ultrasound signal, based on information about a position
of a specific sample volume at which Doppler information
is to be acquired and a PRF. However, the ultrasound
system 300 according to the exemplary embodiment is
configured to receive an ensemble number of echo sig-
nals by repeatedly transmitting ultrasound signals by the
ensemble number and acquire Doppler information at a
plurality of points (or positions) or at all the respective
points (or positions) on the pulsed Doppler line 418 based
on the ensemble number of received echo signals.
[0072] In addition, the processor 310 determines a po-
sition of at least one phantom gate based on a position
of the sample volume 414 and a PRF of a pulse wave
being transmitted. Then, the processor 310 may produce
ultrasound data from an ensemble number of echo sig-
nals and acquire Doppler information at the at least one
phantom gate by using ultrasound data at a position
(point or pixel) in the produced ultrasound data corre-
sponding to the at least one phantom gate.

[0073] In a method of detecting a flow noise signal at
a phantom gate according to another exemplary embod-
iment, referring to FIG. 4B, an ultrasound image 460
shows a cross-section of an object including a sample
volume 466. In order to measure blood flow velocity at
the sample volume 466, the ultrasound transceiver 320
transmits an ultrasound pulse wave along a pulsed Dop-
pler line 468 passing through a position of the sample
volume 468. In this case, the ultrasound pulse wave may
be transmitted via transducers 470 and may have a PRF.
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In addition, the processor 310 may determine positions
of phantom gates formed on the pulsed Doppler line 468
based on the sample volume 466 and the PRF. In this
case, it is assumed that first and second phantom gates
462 and 464 are formed.

[0074] The ultrasound transceiver 320 may transmit
an ultrasound pulse signal along the pulsed Doppler line
468 by using only an aperture 474 for detecting the sam-
ple volume 466 in a maximum aperture formed by all the
transducers 470. In the present specification, the aper-
ture 474 used to detect the sample volume 466 is here-
inafter referred to as a primary aperture 474.

[0075] Accordingto an exemplary embodiment, the ul-
trasound transceiver 320 may use a first adjacent aper-
ture 472 and/or a second adjacent aperture 476 other
than the primary aperture 474 to respectively detect flow
noise signals at the first and second phantom gates 462
and 464. In this case, the first adjacent aperture 472
and/or the second adjacent aperture 476 may be located
at regions in the maximum aperture, which are regions
other than that of the primary aperture 474 that is used
for transmitting ultrasound waves to detect Doppler in-
formation at the sample volume 466. While FIG. 4B
shows that the first and second adjacent apertures 472
and 476 are respectively located on left and right sides
of the primary aperture 474, they may be located any-
where in the maximum aperture other than the primary
aperture 474.

[0076] Accordingto an exemplary embodiment, the ul-
trasound transceiver 320 may receive at least some of
echo signals reflected from the first phantom gate 462
by using the first adjacent aperture 472 and receive at
least some of echo signals reflected from the second
phantom gate 464 by using the second adjacent aperture
476. In this case, the received echo signals may be echo
signals reflected and returning from the first phantom
gate 462 and/or the second phantom gate 464 after trans-
mitting an ultrasound pulse through the primary aperture
474. According to an exemplary embodiment, when the
primary aperture 474 is located to the right of the maxi-
mum aperture the ultrasound transceiver 320 may detect
a flow noise signal at the first or second phantom gate
462 or 464 by using the first adjacent aperture 472 locat-
ed to the left of the maximum aperture. On the other hand,
when the primary aperture 474 is located to the left of
the maximum aperture, the ultrasound transceiver 320
may detect a flow noise signal at the first or second phan-
tom gate 462 or 464 by using the second adjacent aper-
ture 476 located to the right of the maximum aperture.
[0077] To select an echo signal reflected from the first
phantom gate 462 from among echo signals reflected
and returning from an object after transmitting a ultra-
sound pulse wave through the primary aperture 474 and
receive the selected echo signal, the first adjacent aper-
ture 472 may perform a range gate operation based on
information about a PRF of a transmitted ultrasound
pulse signal and information about a distance from the
first adjacent aperture 472 to the first phantom gate 462.



13 EP 3 050 516 A1 14

The second adjacent aperture 476 may also operate in
a similar way to select an echo signal reflected from the
second phantom gate 464 from among echo signals re-
flected from and returning from the object after transmit-
ting a ultrasound pulse wave through the primary aper-
ture 474 and receive the selected echo signal.

[0078] The processor 310 may detect a flow noise sig-
nal at a first phantom gate 462 and/or a second phantom
gate 464, based on an echo signal received at the first
adjacent aperture 472 and/or an echo signal received at
the second adjacent aperture 476.

[0079] When flow noise signals are to be detected at
the first and second phantom gates 462 and 464 by using
the primary aperture 474, the ultrasound transceiver 320
needs to suspend transmission and reception of an ul-
trasound signal so as to acquire Doppler information at
the sample volume 466 and to perform transmission and
reception of an ultrasound signal so as to detect flow
noise signals at the first and second phantom gates 462
and 464. However, when flow noise signals are detected
at the first and second phantom gates 462 and 464 by
using the first and second adjacent apertures 472 and
476, the ultrasound transceiver 320 does not need to
suspend transmission and reception of an ultrasound sig-
nal in order to acquire Doppler information at the sample
volume 466. In other words, the ultrasound system 300
may detect flow noise signals at the first and second
phantom gates 462 and 464 while simultaneously or in
real-time performing without interruption a Doppler im-
aging mode in which Doppler information is acquired at
the sample volume 466 and displayed.

[0080] Referring back to FIG. 3, the display 330 may
display a visual indicator representing a flow noise signal
detected at at least one phantom gate according to con-
trol by the processor 310.

[0081] Furthermore, according to an exemplary em-
bodiment, the ultrasound system 300 may further include
a user interface 340. However, the user interface 340 is
not an essential component. The user interface 340 may
receive from a user an input for controlling processing
and displaying of an ultrasound image. In particular, the
user interface 340 may receive a userinput for controlling
a function related to reduction of a detected flow noise
signal.

[0082] A configuration and functions of the ultrasound
system 300 will be described in more detail below.
[0083] FIG.5isadiagram related to an ultrasound sys-
tem for acquiring a Doppler image by transmitting a pulse
wave having a high PRF (HPRF) higher than a general
PRF, according to an exemplary embodiment

[0084] Although the maximum detectable Doppler flow
velocity is determined by a PRF and a central frequency
of a pulse wave ultrasound signal, increasing a PRF in
order to measure a higher velocity blood flow shortens
the time before the next transmission. Thus, the pulse
wave ultrasound signal may be transmitted and returned
to only a shallow depth before the next transmission, so
that a reflected echo signal from a deep depth may not
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return before the next transmission.

[0085] However, even when an initially transmitted ul-
trasound wave returns from a relatively deep depth and
is not received before second transmission, the initially
transmitted ultrasound wave will not disappear by itself.
As an echo signal is received at a nearby position after
a secondarily transmitted ultrasound signal, signals that
have not yet arrived after the initially transmitted signal
are simultaneously received while being mixed together
with the echo signal. Thus, according to an exemplary
embodiment, a HPRF pulse wave ultrasound system
may acquire Doppler information at a sample volume that
is located at a deep depth by using characteristics of a
HPRF pulse wave ultrasound signal.

[0086] Referring to a conceptual diagram 510 for ultra-
sound transmission and reception, when a sample vol-
ume is located at level 2, the ultrasound transceiver 320
transmits pulse 3 before arrival of an echo signal corre-
sponding to pulse 2. By repeating such a transmission
method, the ultrasound transceiver 320 may continuous-
ly receive a superposed echo signal in which echo signals
respectively from level 1 and level 2 are superposed on
each other. When the sample volume is located at level
2, and a phantom gate is located at level 1, the received
superposed echo signal may include both Doppler infor-
mation obtained from the phantom gate located at level
1 and Doppler information obtained from the sample vol-
ume located at level 2.

[0087] When Dopplerinformation to be acquired by the
ultrasound system 300 is Doppler information obtained
from the sample volume located at level 2, if motion of
an object, i.e., blood flow, occurs in the phantom gate,
Doppler information at level 1 may be a noise signal with
respect to Doppler information obtained from the sample
volume.

[0088] According to an exemplary embodiment, an ul-
trasound image 520 includes a B mode ultrasound image
522 having a pulsed Doppler line 528 shown therein. Fur-
thermore, a sample volume indicator 524 representing a
sample volume and a sample gate indicator 526 repre-
senting a location of a phantom gate are indicated on the
pulsed Doppler line 528. Furthermore, according to an
exemplary embodiment, the ultrasound system 300 an-
alyzes a superposed echo signal obtained by superpo-
sition of echo signals received from the sample volume
and the phantom gate to thereby determine whether a
flow noise signal is detected at the phantom gate. When
the flow noise signal is detected at the phantom gate, the
ultrasound system 300 displays to a user a visual indi-
cator indicating that the flow noise signal has been de-
tected. Detection of a flow noise signal at a phantom gate
and displaying of a visual indicator representing the de-
tected flow noise signal will be described in more detail
below.

[0089] FIG. 6 illustrates an ultrasound image 610 in-
cluding a HPRF Doppler image generated based on a
HPREF ultrasound signal and a visual guide for improving
quality of the HPRF Doppler image, according to an ex-
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emplary embodiment.

[0090] According to an exemplary embodiment, the ul-
trasound system 300 displays an ultrasound image 610
includinga B modeimage 612, a sample volume indicator
614 representing a sample volume, and a phantom gate
indicator 616 representing a phantom gate, like the ul-
trasound image 520 shown in FIG. 5. Although the ultra-
sound image 610 shows the presence of one phantom
gate, a plurality of phantom gates may be present in the
ultrasound image 610.

[0091] The ultrasound system 300 analyzes a super-
posed echo signal obtained by superposition of echo sig-
nals received from the sample volume and the phantom
gate to thereby determine whether a flow noise signal is
detected at the phantom gate. When the ultrasound sys-
tem 300 determines that the flow noise signal is detected
at the phantom gate, the ultrasound system 300 displays
avisual indicator showing a user that the flow noise signal
has been detected.

[0092] According to an exemplary embodiment, the
visual indicator may be a message 618 indicating that a
flow noise signal has been detected at a phantom gate
[0093] According to another exemplary embodiment,
the ultrasound system 300 may display the visual indi-
cator by showing a phantom gate indicator representing
aphantom gate from which a flow noise signal is detected
in a different color, thickness, or shape than its neighbor-
ing regions. According to another exemplary embodi-
ment, the ultrasound system 300 may display the visual
indicator by showing a phantom gate indicator represent-
ing a phantom gate from which a flow noise signal is
detected in such a manner as to flash on and off.
[0094] FIGS. 7A through 7C illustrate operations per-
formed by the ultrasound system 300 when a flow noise
signal is detected at a phantom gate, according to exem-
plary embodiments.

[0095] Referring to FIG. 7A, in an ultrasound image
760 according to an exemplary embodiment, to acquire
Doppler information at a sample volume 762, a phantom
gate 764 is generated for an ultrasound signal transmit-
ted at a first PRF. In this case, if a flow noise signal is
detected at the phantom gate 764, the user may control
aphantom gate to occur at a different location by increas-
ing or decreasing a PRF via the user interface 340. In
this way, to acquire Doppler information at a sample vol-
ume 772 (that is at the same location as the sample vol-
ume 762), phantom gates 774 and 776 are generated
for an ultrasound signal transmitted at a second PRF.
Accordingly, a phantom gate is not generated at a loca-
tion corresponding to the phantom gate 764 generated
for the ultrasound signal transmitted at the first PRF.
Thus, the user may acquire Doppler information at the
sample volume 772 without having a flow noise signal
that was detected at the phantom gate 764.

[0096] Furthermore, if a flow noise signal is detected
atthe phantom gate 764, the ultrasound system 300 may
control a phantom gate to occur at a different location by
automatically increasing or decreasing a PRF without re-
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ceiving a separate input from the user. In this case, the
ultrasound system 300 adjusts a PRF so that a phantom
gate is generated at a location different than a location
corresponding to the phantom gate 764. According to an
exemplary embodiment, when it is determined that there
are a plurality of PRFs that may be adjusted so that phan-
tom gates are generated at locations different than the
location corresponding to the phantom gate 764, the ul-
trasound system 300 may automatically select, from
among the plurality of PRFs, a PRF at which a flow noise
signal having a smallest magnitude is detected at one of
the phantom gates generated at different locations and
acquire Doppler information at the sample volume 772
by using the selected PRF. According to another exem-
plary embodiment, the ultrasound system 300 may select
one of a plurality PRFs at which a magnitude of a flow
noise signal detected at one of a phantom gates gener-
ated at different locations according to adjusted PRFs is
less than or equal to a predetermined threshold value
and acquire Doppler information at the sample volume
772 by using the selected PRF.

[0097] Furthermore, referringtoFIG. 7B, an ultrasound
image 730 according to an exemplary embodiment
shows transmission of an ultrasound signal through a
first aperture 732 along a first pulsed Doppler line 738 in
order to acquire Doppler information at a sample volume
736. The ultrasound system 300 detects a flow noise
signal at a phantom gate 734. In this case, the user
changes, via the user interface 340, an aperture to be
used to acquire Doppler information at the sample vol-
ume 736. A PRF at which the ultrasound signal is trans-
mitted may be changed based on a userinputwhen need-
ed. An ultrasound image 740 shows transmission of an
ultrasound signal through a new second aperture 742
along a second pulsed Doppler line 748 based on a user
input. In this case, the second pulsed Doppler line 748
passes through a sample volume 746 that is at the same
location as the sample volume 736. Thus, due to the use
of the second pulsed Doppler line 748 not passing
through the phantom gate 734 at which a flow noise signal
has been detected, the ultrasound system 300 may ac-
quire Doppler information at the same volume 746 with-
out having a flow noise signal at a location 744 corre-
sponding to the phantom gate 734.

[0098] Furthermore, according to an exemplary em-
bodiment, if a flow noise signal is detected at the phantom
gate 734, the ultrasound system 300 may automatically
change positions of an aperture and a pulsed Doppler
line to be used without receiving a separate input from
the user. Furthermore, when needed, the ultrasound sys-
tem 300 may automatically change a PRF. The ultra-
sound system 300 may determine the second aperture
742 and the second pulsed Doppler line 748 to be used
by taking into account various factors such as conditions
in which a magnitude of a flow noise signal detected at
a new phantom gate is the smallest or less than or equal
to a predetermined threshold value.

[0099] Accordingly, if a flow noise signal is detected at
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the phantom gate 734 during acquisition of Doppler in-
formation at the sample volume 736, the ultrasound sys-
tem 300 may acquire Doppler information at the sample
volume 736 by automatically avoiding a flow noise signal
without separate manipulation by the user.

[0100] In addition, referring to FIG. 7C, according to
an exemplary embodiment, the ultrasound system 300
may include the user interface (340 of FIG. 3) for receiv-
ing an input related to a function of adjusting an ultra-
sound image from the user. For example, the user inter-
face 340 may include a touch panel 710 configured to
receive a touch input. The touch panel 710 may be in-
cluded in the display 330 of the ultrasound system 300
or be implemented as an input unit having a separate
touch function. Alternatively, the user interface 340 may
include a control panel 720 including buttons implement-
ed using hardware or software.

[0101] According to an exemplary embodiment, if a
flow noise signal is detected at a phantom gate, the ul-
trasound system 300 may control control items used for
controlling the flow noise signal from among a plurality
of control items included in the user interface 340 to be
displayed in such a manner as to be distinguished from
the other control items.

[0102] Accordingto an exemplary embodiment, the us-
er interface 340 includes the touch panel 710, and the
touch panel 710 includes a plurality of control items
Scale, Dynamic Range, Frame AVG, Reject Level, Pow-
er, Filter, and Density. In particular, the plurality of con-
trols items may include the control item "Scale" 712 for
performing a function of increasing or decreasing a PRF.
As the PREF is increased or decreased, a location where
a phantom gate is generated may vary. Thus, a phantom
gate is newly generated at a location where a flow noise
signal is not detected and not at a location where the flow
noise signal has been detected. According to another
exemplary embodiment, the plurality of control items may
include control items for changing positions of an aper-
ture and a pulsed Doppler line used for acquiring Doppler
information at a sample volume.

[0103] If a flow noise signal is detected at a phantom
gate, the processor 310 may control the control item
"Scale" 712 on the touch panel 710 or control items for
changing the positions of an aperture and a pulsed Dop-
pler line to be displayed in such a manner as to be dis-
tinguished from the other control items thereon, thereby
inducing the user to perform user manipulation for reduc-
ing the flow noise signal. For example, the processor 310
may control the touch panel 710 to display the control
item "Scale" 712 in a different size or color than the other
control items or by flashing on and off.

[0104] As another example, when the user interface
340 includes the control panel 720, the control panel 720
may include a "Scale" button 722 for performing a func-
tion of increasing or decreasing a PRF from among a
plurality of buttons. If a flow noise signal is detected at a
phantom gate, the processor 310 may control the "Scale"
button 722 on the control panel 720 to be displayed in
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such amanner as to be distinguished from or emphasized
more than the other buttons thereon. For example, the
processor 310 may control the "Scale" button 722 to be
displayed in a manner that allows a color of the "Scale"
button 722 or its background to change or the displayed
color to flash on and off.

[0105] In addition, when PRF is increased or de-
creased in order to acquire Doppler information at a spe-
cific sample volume, at least one of the number of gen-
erated phantom gates and a location of a phantom gate
may vary. Thus, if a flow noise signal is detected at a
specific phantom gate, adjusting a PRF may allow a
phantom gate to be generated at a location different than
a location where the flow noise signal was detected.
[0106] FIG. 8 is a flowchart of a method of providing a
guide for a HPRF Doppler image according to an exem-
plary embodiment.

[0107] The ultrasound system 300 transmits an ultra-
sound signal having a first PRF to an object including a
sample volume and receives an echo signal from the
sample volume and at least one phantom gate (S810).
In the received echo signal, an echo signal from the sam-
ple volume and an echo signal from the at least one phan-
tom gate are superposed on each other.

[0108] By detecting a flow noise signal at a phantom
gate from the received echo signal according to a pre-
determined algorithm, the ultrasound system 300 deter-
mines whether the flow noise signal is present in the
phantom gate (S820).

[0109] When the ultrasound system 300 determines
that the flow noise signal is not present in the phantom
gate in operation S820, the ultrasound system 300 ter-
minates a method of providing a guide for a HPRF Dop-
pler image. Terminating the method of providing a guide
for a HPRF Doppler image means that the ultrasound
system 300 displays an ultrasound image of the object
but does not display a visual indicator indicating that the
flow noise signal has been detected at the phantom gate.
According to an exemplary embodiment. When the flow
noise signal is not detected at the phantom gate, i.e.,
when the ultrasound system 300 determines that the flow
noise signal is not present in the phantom gate, the ul-
trasound system 300 may display a visual indicator indi-
cating that the flow noise signal has not been detected
at the phantom gate, together with an ultrasound image
of the object. In this case, the visual indicator may include
a message indicating that the flow noise signal has not
been detected.

[0110] When the ultrasound system 300 determines
that the flow noise signal is present in the phantom gate
in operation S820, the ultrasound system 300 performs
operation S830. The ultrasound system 300 displays a
visual indicator indicating that the flow noise signal has
been detected at the phantom gate (S830). The visual
indicator may be displayed on the display 330 according
to control by the processor 310.

[0111] According to an exemplary embodiment, the
visual indicator may be a message indicating that the
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flow noise signal has been detected at the phantom gate.
According to another exemplary embodiment, the proc-
essor 310 may control the visual indicator to be displayed
at a location of the phantom gate where the flow noise
signal has been detected in a different color or size or in
such a manner as to flash on and off, so that the user
may distinctly recognize the location of the phantom
[0112] According to an exemplary embodiment, the ul-
trasound system 300 may further include an audio output
unit (e. g., a speaker), and the processor 310 may control
the audio output unit to output an audio indicator indicat-
ing that a flow noise signal has been detected at a phan-
tom gate. The audio indicator may include audio repre-
senting a location or order of the phantom gate where
the flow noise signal has been detected from among a
plurality of phantom gates.

[0113] According to another exemplary embodiment,
the ultrasound system 300 may include the user interface
340 including a plurality of control items. In operation
S830, the processor 310 may control control items having
a function of controlling a flow noise signal from among
the plurality of control items included in the user interface
340 to be displayed in such a manner as to be distin-
guished from the other control items, as described above
with reference to FIG. 8A.

[0114] Theultrasound system 300 determines whether
a user input for selecting a control item related to control
of a flow noise signal via the user interface 340 has been
received (S840). When the ultrasound system 300 de-
termines that a user input for selecting a control item
related to control of a flow noise signal has not been
received, the ultrasound system 300 terminates a meth-
od of providing a guide for a HPRF Doppler image. In
this case, when the ultrasound system 300 terminates
the method of providing a guide for a HPRF Doppler im-
age, the ultrasound system 300 maintains a state in which
the visual indicator, which indicates that a flow noise sig-
nal has been detected at a phantom gate, is displayed
while displaying an ultrasound image of the object. Ac-
cording to an exemplary embodiment, after a lapse of a
predetermined time from a time point at which the visual
indicator is displayed, the processor 310 may control the
visual indicator not to be displayed any more or to be
displayed intermittently.

[0115] When the ultrasound system 300 determines
that a user input for selecting a control item related to
control of a flow noise signal is received, the ultrasound
system 300 performs operation S850. According to an
exemplary embodiment, the user input for selecting a
control item related to control of a flow noise signal may
be aninputforselecting a controlitemrelated to a function
ofincreasing or decreasing a PRF of an ultrasound signal
being transmitted or a control item related to a function
of changing positions ofan aperture and a pulsed Doppler
line being used for acquiring Doppler information at a
sample volume.

[0116] The ultrasound system 300 changes a param-
eterrelated to transmission of an ultrasound signal based
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on the user input whose reception is determined in op-
eration S840 (S850). According to an exemplary embod-
iment, the ultrasound system 300 may increase or de-
crease a PRF of an ultrasound signal being transmitted,
based on the changed parameter. According to an ex-
emplary embodiment, the ultrasound system 300 may
change, based on the user input whose reception is de-
termined in operation S840, positions of an aperture and
a pulsed Doppler line being used for acquiring Doppler
information at a sample volume.

[0117] According to an exemplary embodiment, after
displaying the visual indicator indicating that the flow
noise signal has been detected at the phantom gate in
operation S830, the ultrasound system 300 may auto-
matically perform operation S850 to change a parameter
related to transmission of an ultrasound signal without
determining whether the user input is received. For ex-
ample, after displaying the visual indicator indicating that
the flow noise signal has been detected at the phantom
gate in operation S830, the ultrasound system 300 may
automatically adjust a PRF to prevent generation of a
phantom gate at a region where the flow noise signal has
been detected. According to another exemplary embod-
iment, the ultrasound system 300 may change positions
of an aperture and a pulsed Doppler line used for acquir-
ing Doppler information at a sample volume to prevent
generation of a phantom at a region where the flow noise
signal has been detected,

[0118] According to another exemplary embodiment,
when the ultrasound system 300 determines that the flow
noise signal is detected in operation S820, the ultrasound
system 300 may automatically perform operation S850
of changing a parameter related to transmission of an
ultrasound signal so that a flow noise signal may not be
detected without performing operation S830 of displaying
the visual indicator indicating that the flow noise signal
has been detected or operation S840 of receiving a user
input related to control of a flow noise signal.

[0119] Subsequently, the ultrasound system 300 may
perform operation S810 again based on the parameter
changed in operation S850.

[0120] FIG. 9 is a flowchart of a method of providing a
guide for a HPRF Doppler image, according to another
exemplary embodiment. FIG. 9 may include more de-
tailed exemplary embodiments for at least one operation
in the method of FIG. 8.

[0121] The ultrasound system 300 transmits an ultra-
sound signal having a first PRF to an object including a
sample volume and receives an echo signal from the
sample volume and at least one phantom gate (S910).
In this case, the ultrasound system 300 may transmit the
ultrasound signal along a pulsed Doppler line passing
through the sample volume.

[0122] Accordingto an exemplary embodiment, the ul-
trasound system 300 initially transmits an ultrasound sig-
nal having a first PRF and receives an echo signal from
a sample volume and at least one phantom gate in re-
sponse to the initially transmitted ultrasound signal. Ac-
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cording to an exemplary embodiment, after receiving the
echo signal in response to the initially transmitted ultra-
sound signal, the ultrasound system 300 secondarily
transmits the same ultrasound signal as the ultrasound
signal having the first PRF and receives an echo signal
from the sample volume and at least one phantom gate
in response to the secondarily transmitted ultrasound sig-
nal. The ultrasound system 300 repeats an operation of
transmitting an ultrasound signal and receiving an echo
signal by an ensemble number.

[0123] The ultrasound system 300 determines a loca-
tion of a phantom gate based on a PRF of an ultrasound
signal and a depth of the sample volume (S920). The
ultrasound signal transmitted in operation S910 is an ul-
trasound signal that is transmitted by an ensemble
number to acquire Doppler information at the sample vol-
ume or phantom gate as well as at many other positions
onapulsed Dopplerline. The ultrasound signal described
in relation to operation S920 is an ultrasound signal that
is transmitted to acquire more accurate Doppler informa-
tion particularly at the sample volume. Thus, the ultra-
sound signal transmitted in operation S910 may not nec-
essarily have the same ultrasound frequency or PRF as
the ultrasound signal used in operation S920. However,
the ultrasound signals in operation S910 and S920 may
have the same ultrasound frequency or PRF when nec-
essary.

[0124] In addition, although FIG. 9 shows that the ul-
trasound system 300 sequentially performs operations
S910 and S920, the ultrasound system 300 may perform
operation S920 prior to or simultaneously with operation
S910 according to an exemplary embodiment.

[0125] Theultrasound system 300 determines whether
a flow noise signal is present at a location corresponding
to the phantom gate by analyzing ultrasound data gen-
erated based on the received echo signal (S930). In any
one of operations S910, S920, and S930, the ultrasound
system 300 may generate ultrasound data by using an
echo signal. According to an exemplary embodiment, the
ultrasound system 300 may determine the presence of
a flow noise signal by analyzing ultrasound data at the
location corresponding to the phantom gate from among
the generated ultrasound data.

[0126] According to an exemplary embodiment, to de-
tect a flow noise signal at a phantom gate, the ultrasound
system 300 may analyze ultrasound data by using a pre-
determined algorithm. The predetermined algorithm may
be at least one of Auto-correlation, Cross-correlation,
Fast Fourier Transform, and Phase Locked Loop.
[0127] When the flow noise signal is not detected at
the phantom gate in operation S930, the ultrasound sys-
tem 300 terminates a method of providing a guide for a
HPRF Doppler image. On the other hand, when the flow
noise signal is detected at the phantom gate, the ultra-
sound system 300 performs operation S940.

[0128] The ultrasound system 300 compares a mag-
nitude of the detected flow noise signal with a predeter-
mined threshold value (S940). When the magnitude of
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the detected flow noise signal is less than the predeter-
mined threshold value, the ultrasound system 300 termi-
nates a method of providing a guide for a HPRF Doppler
image. In this case, terminating the method of providing
a guide for a HPRF Doppler image means that the ultra-
sound system 300 displays an ultrasound image of the
object but does not display a visual indicator indicating
that the flow noise signal has been detected at the phan-
tom gate. According to an exemplary embodiment, when
the flow noise signal is not detected at the phantom gate,
i.e., when the ultrasound system 300 determines that the
flow noise signal is not present in the phantom gate, the
ultrasound system 300 may display a visual indicator in-
dicating that the flow noise signal has not been detected
at the phantom gate, together with an ultrasound image
of the object. In this case, the visual indicator may include
a message indicating that the flow noise signal has not
been detected.

[0129] When the magnitude of the detected flow noise
signal is greater than the predetermined threshold value
in operation S940, the ultrasound system 300 performs
operation S950.

[0130] The ultrasound system 300 displays a visual
indicator indicating that the flow noise signal has been
detected at the phantom gate (S950). Since displaying
of the visual indicator has been described with reference
to FIG. 8, a detailed description thereof will be omitted
here.

[0131] Subsequently, the ultrasound system 300 per-
forms operations S960 and S970. Since operations S960
and S970 respectively correspond to operations S840
and S850 described with reference to FIG. 8, detailed
descriptions thereof will be omitted here.

[0132] While one or more embodiments have been de-
scribed with reference to the figures, it will be understood
by those of ordinary skill in the art that various changes
in form and details may be made therein without depart-
ing from the spirit and scope of the inventive concept as
defined by the following claims. Thus, it should be un-
derstood that the exemplary embodiments described
therein should be considered in a descriptive sense only
and not for purposes of limitation. The scope of the
present inventive concept is defined not by the detailed
description thereof but by the appended claims, and all
differences within the scope of the appended claims and
their equivalents will be construed as being included in
the present inventive concept.

Claims
1. An ultrasound system comprising:

an ultrasound transceiver configured to transmit
ultrasound signals to an object including a sam-
ple volume and receive echo signals from the
sample volume and at least one phantom gate;
a processor configured to generate an ultra-
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sound image based on the received echo sig-
nals; and

a display configured to display the generated
ultrasound image,

wherein the processor detects a flow noise sig-
nal at the at least one phantom gate by using
the echo signals and controls the display to dis-
play a visual indicator representing the detected
flow noise signal.

The ultrasound system of claim 1, wherein the proc-
essor controls the ultrasound transceiver to repeat,
by a predetermined ensemble number, an operation
of transmitting the ultrasound signals along a pulsed
Dopplerline passing through the sample volume and
receiving the echo signals from the sample volume
and the at least one phantom gate, and

wherein the predetermined ensemble number of the
received echo signals comprise echo signals reflect-
ed from a plurality of positions included in the pulsed
Doppler line.

The ultrasound system of claim 2, wherein the proc-
essor analyzes ultrasound data corresponding to a
position of the at least one phantom gate from among
ultrasound data generated based on the received
echo signals reflected from the plurality of positions
and detects the flow noise signal based on a result
of the analyzing.

The ultrasound system of claim 1, wherein the ultra-
sound transceiver transmits the ultrasound signals
by using an aperture in a maximum aperture and
receives some of the echo signals by using another
aperture thatis different from the aperture in the max-
imum aperture, and

wherein the processor detects the flow noise signal
atthe phantom gate based on the some echo signals
received using the other aperture.

The ultrasound system of claim 4, wherein the proc-
essor controls, based on a point where the aperture
is located relative to the maximum aperture, the other
aperture to be located at a point not overlapping the
point where the aperture is located.

The ultrasound system of claim 1, wherein, to detect
the flow noise signal, the processor uses at least one
algorithm from among Auto-correlation, Cross-cor-
relation, Fast Fourier Transform, and Phase Locked
Loop to analyze the echo signals.

The ultrasound system of claim 1, wherein the proc-
essor controls the display to display the visual indi-
cator only when a magnitude of the detected flow
noise signal is greater than or equal to a predeter-
mined threshold value.
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The ultrasound system of claim 1, wherein the visual
indicator comprises a message indicating that the
flow noise signal has been detected at the at least
one phantom gate.

The ultrasound system of claim 1, wherein the proc-
essor controls the visual indicator to be displayed at
a position of a phantom gate where the flow noise
signal has been detected in such a manner that the
position of the phantom gate is distinguished from
neighboring regions.

The ultrasound system of claim 1, further comprising
a user interface including a plurality of control items,
wherein the processor controls the user interface to
display the visual indicator at a position correspond-
ing to at least one control item related to control of
the detected flow noise signal from among the plu-
rality of control items.

The ultrasound system of claim 10, wherein the dis-
play is a touch screen comprising the user interface.

The ultrasound system of claim 1, further comprising
a user interface,

wherein, to avoid the detected flow noise signal, the
processor changes, based on a user input via the
user interface, a pulse repetition frequency (PRF) of
the transmitted ultrasound signals or changes an ap-
erture being used to transmit the ultrasound signals.

The ultrasound system of claim 1, wherein, to avoid
the detected flow noise signal, the processor auto-
matically changes a PRF of the transmitted ultra-
sound signals or automatically changes an aperture
being used to transmit the ultrasound signals.

A method of displaying an ultrasound image, the
method comprising:

transmitting ultrasound signals to an object in-
cluding a sample volume and receiving echo sig-
nals from the sample volume and at least one
phantom gate;

generating the ultrasound image based on the
received echo signals; and

detecting a flow noise signal at the at least one
phantom gate by using the echo signals; and
displaying avisual indicator representing the de-
tected flow noise signal together with the gen-
erated ultrasound image.

The method of claim 14, wherein the transmitting of
the ultrasound signals and the receiving of the echo
signals comprises repeating, by a predetermined en-
semble number , an operation of transmitting the ul-
trasound signals along a pulsed Doppler line passing
through the sample volume and receiving the echo
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signals from the sample volume and the at least one
phantom gate, and

wherein the predetermined ensemble number of the
received echo signals comprise echo signals reflect-
ed from a plurality of positions included in the pulsed
Doppler line.
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FIG. 2
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FIG. 3
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FIG. 4A
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FIG. 6
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FIG. 7A
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FIG. 8
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FIG. 9
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